A good driving cycle is needed for accurate evaluation of a vehicle's performance in terms of emission and fuel consumption. Driving cycles obtained for certain cities or countries are not usually applicable to other cities or countries. Therefore, considerable research has been conducted on developing driving cycles for certain cities and regions. In this paper, a driving cycle for a taxi in Amman city, the capital of Jordan, is developed. Significant differences are noted when comparing the Amman driving cycle with other driving cycles. A model of a gasoline powered vehicle is used to conduct a performance comparison in terms of fuel economy and emissions utilizing the developed Amman driving cycle and six other worldwide driving cycles. The developed Amman driving cycle is very useful in obtaining accurate estimation of fuel economy and emissions for vehicles running on Amman roads and will be used in future work to study the performance of hybrid fuel cell/ battery vehicles.
INTRODUCTION
Vehicle performance in terms of emission and fuel consumption is commonly evaluated using representative driving cycles. A driving cycle defines when a vehicle is idling, accelerating, cruising, and decelerating in certain operating conditions [1] . Usually different cities and regions have different driving patterns. Thus, many worldwide driving cycles have been developed and adopted [2] . Examples of worldwide urban driving cycles for light vehicles are: New York City cycle (NYCC), Indian urban cycle (IUC), Japan 10 mode urban cycle (J10UC), France urban cycle (FUC), Europe dynamometer operating cycle (EDOC) and urban dynamometer driving schedule (UDDS). The parameters of these six driving cycles are listed in Table 1 . There are significant differences between the presented driving cycles, in terms of speed, acceleration, deceleration, number of stops and duration as shown in Table 1 . Thus, driving cycles obtained for certain cities or countries are not usually applicable to other cities or countries. Therefore, considerable research has been conducted to develop new driving cycles for different cities and regions.
In [3] driving cycles for Chinese cities were developed and compared with European and American driving cycles. It was concluded that European or US emission factors could be significantly different from those of Chinese cities. In addition, a motorcycle driving cycle was developed in [4] for urban and rural routes in Edinburgh. It was found that the main specifications of the Edinburgh driving cycle are different from other standard driving cycles. The Hong Kong driving cycle was developed in [5] as well. The authors found that the Hong Kong driving cycle was different from some driving cycles (i.e., US 75, Perth cycle, and Melbourne peak cycle). A comprehensive analysis to develop a set of driving cycles that describes actual driving conditions in Europe was presented in [6] . Representative driving cycles are essential for designing and analyzing electrical and hybrid vehicles. In [7] the effect of driving patterns on configuration of hybrid vehicle battery system was studied. The effect of a real-world driving patterns on energy and power requirements of a converted plug-in hybrid electric two-wheeler was investigated in [8] . The effect of driving cycle fuel cell performance was investigated in [9] to predict the lifetime of the fuel cell.
In this study, a driving cycle for a taxi in Amman city, the capital of Jordan, is developed. The developed driving cycle is then used to quantify fuel consumption and emissions.
DEVELOPMENT OF AMMAN DRIVING CYCLE
The development of the Amman driving cycle is described in terms of method of data collection, analysis of data statistics and discussion of methodology. The data is summarized in Table 2 .
Data Recorded
A GPS tracking device was installed in a midsized taxi to record vehicle velocity and travel distances while traveling through Amman urban areas. Driving data were recorded during both peak and light traffic hours with 0.1 sec sampling rate. The peak hours are between 7:30-8:30 am in morning and 4:00-5:00 pm in evening, while the light hours are otherwise. A total of 20 data sets were recorded with a total of 13.4 hours and a total travel distance of 348.8 km, which is about the range of travel distances reported in literature. The statistics for the recorded data are summarized in Table 2 where each data set is about 40 min long (ie. 2410 sec). Table 3 shows the frequency distribution of travel speed and its cumulative frequency distribution during light and peak traffic conditions. From Table 3 , it is clear that the vehicle speed in the light traffic condition is higher than its peer in the peak traffic condition. As an example, the frequency distribution of vehicle speed for the range zero to 5 km/h is 19.38% and 42.06% under the light and peak traffic conditions, respectively. In addition, the speed distribution for the light traffic is concentrated in the middle region of speed range while in the peak traffic the vehicle speed distribution is shifted towards the low speed region. Thus, the traffic conditions (i.e., light and peak) have a big impact on the driving patterns in terms of vehicle speeds and accelerations. 
Data Statistics

Methodology
There are many approaches for developing driving cycles. The authors of [10] presented a comprehensive review of existing methodologies for developing driving cycles. In this paper, the Amman driving cycle is developed using the same approach introduced in [11] which is based on selecting a data set, from the data sets presented in Table 2 , whose characteristics are most similar to those of all recorded driving data. In this approach, initially the mean values of all recorded driving data are calculated. Then the factor scores for each data set are derived utilizing the factor analysis method in statistics. At the end, the smallest Euclidean distances between the mean and each other driving data are found. It should be noted that the dissimilarity between all recorded driving data can be found via computing the Euclidean distance. By going back to the steps mentioned earlier, a driving cycle for Amman city can be developed. It is clear that the transient nature of the Amman driving cycle, shown in Figure 1 , has frequent stops, accelerations, and decelerations. Table 4 shows the frequency distribution and its cumulative frequency distribution at each range of vehicle speed. It is clear that 75% of the speed distribution of Amman driving cycle is below 40 km/h.
By comparing the parameters of the developed Amman cycle in Table 5 with the ones listed in Table 1 , the differences in maximum and average speeds of the Amman driving cycle and most of the other driving cycles can be observed. Although the average acceleration of the Amman driving cycle is close to the values for the NYCC and IUC cycles, the number of stops per km for the Amman driving cycle is different from the values for all other driving cycles. The stop duration per km of the Amman driving cycle is higher than the values for the France and Indian driving cycles and less than the values for the NYCC and J10UC cycles. Thus, the developed Amman cycle is unlike any of the other driving cycles introduced in the literature (refer to Table 1 for more details). 
FIGURE 1 -THE DEVELOPED AMMAN DRIVING CYCLE
EFFECT OF DRIVING CYCLE ON PERFORMNCE
A model for an internal combustion engine (ICE) sized for Amman taxi vehicles was developed using the Powertrain System Analysis Toolkit (PSAT) software package for the purposes of investigating ICE vehicle performance. The performance of the ICE vehicle model was investigated in terms of fuel economy and emission, as shown in Table 6 , using the Amman driving cycle given in Figure 1 . It is found that the fuel economy with the Amman driving cycle (ie., 8.92 L/100km) is very close to the fuel economy average values reported by the drivers of the vehicles, which indicates that the developed driving cycle is an accurate representation of a taxis driving cycle in Amman city. As expected, Table 6 shows that the fuel economy and emissions obtained with the Amman driving cycle are very different from the values obtained with other cycles. 
CONCLUSIONS
In this paper, the driving cycle for a taxi in Amman city was developed based on the factor analysis method and Euclidean distance approach. For the development of the driving cycle, data was obtained from a GPS device mounted inside a light duty vehicle (taxi) traveling in the streets of Amman city. The proposed driving cycle is developed for the first time to represent the typical driving pattern in Amman city. When the Amman driving cycle is compared with other worldwide driving cycles, it was evident that it is unlike any of the other driving cycles. In addition, an ICE vehicle model was developed and used to evaluate fuel economy and emissions using the Amman driving cycle and other worldwide cycles. It is found that the fuel economy and emission values obtained by Amman driving cycle are very different from the values obtained with other driving cycles.
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